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L REAL PARTY IN INTEREST 

The real party in interest in this appeal is the assignee of the present application, Agere 
Systems, Inc., a corporation of the State of Delaware. 

II. RELATED APPEALS 

There is no other appeal or interference that will directly affect, or that will be directly 
affected by, or that will have a bearing on the Board's decision in this appeal. 

II. STATUS OF CLAIMS 

The application was filed on January 2, 2002 with twenty-five (25) claims of which three 
(3) claims were independent claims (Claims 1, 13, and 18). The examiner issued a restriction 
requirement on August 8, 2002 for the following groups: Group I: Claims 18-25; Group II: 
Claims 1 - 17. In Applicants' response dated September 10, 2002, Applicant elected Group II: 
Claims 1-17 without traverse. In response to an October 23, 2002 Office Action, Applicants 
cancelled claims 3, 18 - 25, and added new claims 26 - 27. 

Accordingly, the status of the claims in the application is as follows: 

A. Total claims in original application: Claims 1-25. 

B. Current status of all the Claims: 

1. Claims cancelled: 3,18- 25 

2. Claims withdrawn from consideration but not cancelled: none 

3. Claims added: 26, 27 

3. Claims pending: 1, 2, 4 - 17, 26, 27 

4. Claims allowed: none 

5. Claims rejected: 1, 2, 4 - 17, 26, 27 

C. Claims on appeal are: 1, 2, 4 - 17, 26, 27 



IV. STATUS OF AMENDMENTS 

No claim amendments were filed in response to the final Office Action. The claims are 
set out in the Appendix. 
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V. SUMMARY OF THE INVENTION 

The Applicant's invention is directed to a method and structure for isolating low-k 
dielectric layers from nitrogen base layers that include N-H base groups which are capable of 
diffusing from the nitrogen base layer and becoming nested in the low-k dielectric layer. The 
present invention provides an oxygen-containing layer disposed directly between the low-k 
dielectric layer and the nitrogen base layer. The present invention also provides a process for 
forming a semiconductor product which includes forming at least one low-k dielectric film over 
a substrate, forming at least one N-H base film over the substrate, and forming a TEOS 
(tetraethyl orthosilicate) oxide film between at least one adjacent set of a low-k dielectric film 
and an N-H base film. [SPEC. p. 2, lines 11 - 20]. The nitrogen base layers may be nitrogen- 
containing films such as silicon nitride (SiN) or nitrogen-doped silicon carbide (SiC-N) [SPEC, 
p. 3, lines 15 - 17]. A fundamental concept of the present invention is that each adjacent film set 
of a low-k dielectric film and a nitrogen base layer is separated by a TEOS or other oxygen- 
containing film, which suppresses diffusion of base species from the base-containing course film 
to the low-k dielectric material. [SPEC. p. 7, lines 22 - 25]. Due to the oxygen-containing films 
12, 24, 36 and 48 of the present invention, low-k dielectric films 18 and 42 do not include N-H 
base groups or other nitrogen-containing base groups such as amines or amino-silicates. [SPEC, 
p. 9, lines 9 -12]. 



VI. ISSUES 

A. Whether Claims 1, 4, 6, 11, 26, and 27 are unpatentable (35 U.S.C. 103) over 
Kudo (U.S. Patent No. 6,420,261). The Kudo reference is relied on by the Examiner to show that 
by substituting a combination of SiC and Si oxide for the Si oxide as the oxygen-containing layer 
55 between the low-k dielectric layer 54 and a nitrogen base layer (silicon nitride) 61, the 
interface between layers 61 and 55 will contain nitrogen-doped silicon carbide. 

B. Whether Claims 2, 7, 9, 13, and 14 are unpatentable (35 U.S.C. 103) over Kudo 
(U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028). The Kudo reference 
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is relied on by the Examiner as described above with respect to Issue A. The Huang reference is 
relied on by the Examiner to show that the limitation of TEOS is obvious. 

C. Whether Claims 5, 8, 10, 12, and 15 - 17 are unpatentable (35 U.S.C. 103) over 
Kudo (U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028) further in view 
of Liu (U.S. Patent No. 6,323,121). The Kudo and Huang references are relied on by the 
Examiner as described above with respect to Issues A and B. The Liu reference is relied on by 
the Examiner to show the opening extending through the etch stop layer and the lower dielectric 
layer and the use of organo-silicate glass as low-k dielectric material. 

V. GROUPING OF CLAIMS 

As to the rejections applied against Claims 1, 4, 6, 11, 26, and 27 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims do not stand or fall together. Claims 1, 4, 6, 11 
should be grouped together while Claims 26 and 27 should be grouped separately from Claims 1 , 
4, 6, 11 for purposes of consideration in this appeal since Claims 26 - 27 include an oxygen- 
doped silicon carbide layer while Claims 1, 4, 6, 11 include a nitrogen-doped silicon carbide 
layer. 

As to the rejections applied against Claims 2, 7, 9, 13, and 14 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims stand or fall together. 

As to the rejections applied against Claims 5, 8, 10, 12, and 15 - 17 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims stand or fall together. 
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VL ARGUMENT 

A. The rejection of Claims 1, 4, 6, 11, 26, and 27 as unpatentable (35 U.S.C. 103) over Kudo 
(U.S. Patent No. 6,420,261). 

With respect to Claims 1, 4, 6, 11, Independent Claim 1 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N). Claims 4, 6, and 1 1 depend therefrom. 

Kudo, U.S. Patent No. 6,420,261, is directed to a semiconductor device manufacturing 
method. Kudo discloses a first organic insulating film 54 of low dielectric constant (i.e., Layer 
1). Kudo discloses a second silicon oxide (SiC>2) film 55 (i.e., Layer 2) and a silicon nitride 
(Si 3 N 4 ) film 61 (i.e., Layer 3). With respect to claims 1, 4, 6, and 11, Kudo fails to teach the 
specific claim limitation of "a nitrogen base layer formed of nitrogen-doped silicon carbide (SiC- 
N)". In rejecting claims 1, 4, 6, 1 1, the examiner has substituted a combination of SiC and SiO z 
for the SiO? disclosed in Kudo (relying on the disclosure that an SiC film may be employed in 
place of Si0 2 film). The examiner then contends that the interface between film 55 (Layer 2) and 
film 61 (Layer 3) will contain nitrogen-doped silicon carbide (SiC-N). 

Applicant submits, however, Kudo lacks any suggestion that it should be modified in the 
manner set forth by the examiner. While it is true that Kudo teaches the substitution of an SiC 
film for an SiC>2 film [Kudo, Col. 9, lines 30-31, "In this case, the silicon containing insulating 
film such as an Si 3 N 4 film, an SiON film, an SiC film, etc. may be employed in place of the 
above SiC>2 films."], it does not teach or suggest the substitution of a combination of SiC and 
SiO? for the SiO? film nor does it teach the addition of SiC to the SiC>2 film. Instead of using the 
explicit teachings of Kudo and replacing Si02 with SiC, the examiner incorrectly modified Kudo 
by adding SiC to the Si0 2 film. Had the examiner employed the actual teachings of Kudo, he 
would have either substituted the SiC film for the SiC>2 film resulting in a semiconductor product 
lacking an oxygen-containing layer required by the claims, or he would have kept the Si0 2 
resulting is a product lacking nitrogen-doped silicon carbide. 

As such, the examiner has misapplied the reference and has made an unsuggested 
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modification. Accordingly, with respect to claims 1, 4, 6, and 11, Applicant submits that the 
invention, as claimed, is patentable over Kudo and that the rejection should be withdrawn. 

With respect to Claims 26 - 27, Independent Claim 26 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen-doped 
silicon carbide layer, and (Layer 3) a nitrogen base layer. Claim 27 depends therefrom. With 
respect to claims 26 and 27, Kudo fails to teach or suggest the specific claim limitation of "an 
oxygen-doped silicon carbide layer." Kudo describes a first organic insulating film 54 of low 
dielectric constant (i.e., Layer 1). Kudo discloses a second silicon oxide (Si0 2 ) film 55 (i.e., 
Layer 2) and a silicon nitride (Si 3 N 4 ) film 61 (i.e., Layer 3). While it is true that Kudo teaches the 
substitution of an SiC film for an Si0 2 film [Col. 9, lines 30-31], such a substitution would not 
meet the specific limitations of the claims. Specifically, following the teachings of Kudo, the 
resulting embodiment would not contain an oxygen-doped silicon carbide layer as required by 
the claims. As such, the examiner has misapplied the reference and has made an unsuggested 
modification. Accordingly, with respect to claims 26 and 27, Applicant submits that the 
invention, as claimed, is patentable over Kudo and that the rejection should be withdrawn. 

B. The rejection of Claims 2, 7, 9, 13, and 14 as unpatentable (35 U.S.C. 103) over Kudo (U.S. 
Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028). 

With respect to claims 2, 7, 9, 13, and 14, in addition to the above-noted arguments with 
respect to claim 1, Kudo, the primary reference, teaches nothing about using an oxygen- 
containing layer comprised of TEOS. Huang describes an insulation-masking layer formed by 
CVD using TEOS. Apparently, the examiner has again substituted a combination of SiC and 
SiO? for the SiO? . Had the examiner employed the actual teachings of Kudo, he would have 
substituted the SiC film for the SiC>2 film resulting in a semiconductor product lacking an 
oxygen-containing layer required by the claims. The product would then, necessarily, lack an 
oxygen-containing layer comprised of TEOS, even if combined with Huang. 

The Examiner has attempted to combine Kudo with Huang in rejecting Claims 2, 7, 9, 13, 
and 14. However, the examiner has misapplied the Kudo reference and has made an 
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unsuggested modification. Accordingly, Applicant submits that the invention, as claimed, is 
patentable over Kudo in view of Huang and that the rejection should be withdrawn. It is 
Applicant's position that the combination does not teach the Applicant's basic inventive concept 
of a semiconductor product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) 
an oxygen containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen- 
doped silicon carbide (SiC-N), and that the addition of Huang to show an oxygen-containing 
layer comprised of TEOS contributes no further to the question of the patentability of the claims 
in as much as following the teachings of Kudo would result in a lack of an oxygen-containing 
layer altogether. 

As such, it is submitted that neither of these references, alone or in combination, 
describes or suggests the Applicant's invention as claimed. Accordingly, with respect to claims 
2, 7, 9, 13, and 14, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and that the rejection should be withdrawn. 

C The rejection of Claims 5, 8, 10, 12, and 15 - 17 as unpatentable (35 US.C. 103) over Kudo 
(U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028) further in view of Liu 
(U.S. Patent No. 6,323,121). 

With respect to dependent claims 5, 8, 10, and 12, each of said claims depends on Claim 
1. As set forth with respect to Issue A, Independent Claim 1 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N). As such, the arguments with respect to the patentability of Claim 1 
apply equally to claims 5, 8, 10, and 12. 

With respect to claims 15-17, each of said claims depends on Claim 13, which includes 
a layer of nitrogen-doped silicon carbide (as in Claim 1). As such, the arguments with respect to 
the patentability of Claim 1 apply equally to claims 15-17. 

In addition to the above-noted arguments with respect to claim 1, Kudo, the primary 
reference, teaches nothing about using an oxygen-containing layer comprised of oxygen-doped 
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silicon carbide (Claim 5) nor using an oxygen-containing layer comprised of TEOS (Claim 8, 
and 15-17). Huang describes an insulation-masking layer formed by CVD using TEOS. Liu 
describes a wafer substructure 10, insulative layer 12, silicon nitride layer 16, low-k dielectric 
layer 18, silicon nitride layer 20, second low-k dielectric layer 22, silicon oxynitride layer 24. 

As set forth above with respect to Issues A and B, had the examiner employed the actual 
teachings of Kudo, he would have substituted the SiC film for the Si0 2 film resulting in a 
semiconductor product lacking an oxygen-containing layer required by the claims. The product 
would then, necessarily, lack an oxygen-containing layer comprised of oxygen-doped silicon 
carbide or TEOS, even if combined with Huang and/or Liu. 

Accordingly, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and Liu and that the rejection should be withdrawn. It is Applicant's position that 
the combination does not teach the Applicant's basic inventive concept of a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N), and that the addition of Huang to show an oxygen-containing layer 
comprised of TEOS contributes no further to the question of the patentability of the claims in as 
much as the proper combination would result in a lack of an oxygen-containing layer altogether. 

As such, it is submitted that none of these references, alone or in combination, describes 
or suggests the Applicant's invention as claimed. Accordingly, with respect to claims 5, 8, 10, 
12, and 15-17, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and/or Liu, and that the rejection should be withdrawn. 
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la view of the foregoing, Applicant urges that the Board overrule the outstanding 
rejections, and that this application be passed to issuance. 




pectfully submitted, 

TL, 



James H. Beusse 
Reg. No. 27,115 

Beusse Brownlee Bowdoin & Woher, P.A. 
390 N- Orange Ave, Suite 2500 
Orlando, FL 32801 
(407) 026-7701 
fex: (407) 926-7720 



Attachment: Appendix 
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APPENDIX (37 C.F.R. 1.192(cU7» 
Claims on Appeal: 

1 . A semiconductor product comprising: 
a low-k dielectric layer; 

a nitrogen base layer formed of nitrogen-doped silicon carbide and including N-H base 
groups capable of diffusing therefrom; and 

an oxygen-containing layer interposed directly between said low-k dielectric layer and 
said nitrogen base layer. 

2. The semiconductor product as in claim 1, wherein said oxygen-containing layer 
comprises a TEOS (tetraethyl orthosilicate) oxide film 

4. The semiconductor product as in claim 1, wherein said nitrogen base layer comprises one 
of a barrier layer film, an etch-stop layer, and a hardmask film. 

5. The semiconductor product as in claim 1, wherein said oxygen-containing layer 
comprises oxygen-doped silicon carbide. 

6. The semiconductor product as in claim 1, wherein said nitrogen base layer comprises a 
surface of a further film. 

7. The semiconductor product as in claim 1, in which said semiconductor product includes: 
a lower low-k dielectric layer disposed over a barrier layer; 

an etch-stop layer disposed over said lower low-k dielectric layer; 
an upper low-k dielectric layer disposed over said etch-stop layer; 
a hardmask layer disposed over said upper low-k dielectric layer; 

said nitrogen base layer comprising one of said barrier layer and said etch-stop layer; and 
said oxygen-containing layer comprising a TEOS oxide layer interposed between said 
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nitrogen base layer and one of said lower low-k dielectric layer and said upper low-k dielectric 
layer. 

8. The semiconductor product as in claim 7, further comprising each of said barrier layer, 
said etch-stop layer and said hardmask layer being a nitrogen base layer, and a TEOS oxide layer 
interposed between each said nitrogen base layer and each said adjacent low-k dielectric layer. 

9. The semiconductor product as in claim 7, wherein said barrier layer comprises one of 
said nitrogen base layer formed of nitrogen-doped silicon carbide, and silicon nitride; and said 
etch-stop layer comprises the other of said nitrogen base layer formed of nitrogen-doped silicon 
carbide, and silicon nitride. 

10. The semiconductor product as in claim 1, wherein said N-H base groups comprise one of 
amines and amino-silicates. 

1 1 . The semiconductor product as in claim 1 , wherein said low-k dielectric layer includes a 
dielectric constant less than 3.5. 

12. The semiconductor product as in claim 1, wherein said low-k dielectric layer comprises 
one of an organo-silicate-glass and SiOC-H. 

13. A semiconductor product comprising: 
a barrier layer formed over a substrate; 

a lower low-k dielectric layer formed over said barrier layer; 
an etch-stop layer formed over said lower low-k dielectric layer; 
an upper low-k dielectric layer formed over said etch-stop layer; 
a hardmask layer disposed over said upper low-k dielectric layer; and 
a TEOS (tetraethyl orthosilicate) oxide film interposed at least one of between said lower 
low-k dielectric layer and said barrier layer, between said lower low-k dielectric layer and said 
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etch-stop layer, between said etch-stop layer and said upper low-k dielectric layer, and between 
said upper low-k dielectric layer and said hardmask, 

at least one of said barrier layer and said etch-stop layer formed of nitrogen-doped silicon 

carbide. 

14. The semiconductor product as in claim 13, wherein each of said barrier layer and said 
etch-stop layer include N-H base groups therein. 

15. The semiconductor product as in claim 1 3, in which a two-tiered opening is formed to 
extend through said hardmask layer, said upper low-k dielectric layer, said etch-stop layer, said 
lower low-k dielectric layer, and said barrier layer. 

16. The semiconductor product as in claim 15, further comprising a conductive material 
filling said two-tiered opening, said conductive material serving as an interconnect medium. 

17. The semiconductor product as in claim 13, in which an opening is formed to extend 
through said hardmask layer, said upper low-k dielectric layer, said etch-stop layer and said 
lower low-k dielectric layer, and further comprising a DUV photoresist formed within said 
opening. 

26. A semiconductor product comprising: 
a low-k dielectric layer; 

a nitrogen base layer including N-H base groups capable of diffusing therefrom; and 
an oxygen-doped silicon carbide layer interposed directly between said low-k dielectric 
layer and said nitrogen base layer. 

27. The semiconductor product as in claim 26, wherein said nitrogen base layer is formed of 
nitrogen-doped silicon carbide. 
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I. REAL PARTY IN INTEREST 

The real party in interest in this appeal is the assignee of the present application, Agere 
Systems, Inc., a corporation of the State of Delaware. 

II. RELATED APPEALS 

There is no other appeal or interference that will directly affect, or that will be directly 
affected by, or that will have a bearing on the Board ! s decision in this appeal. 

II. STATUS OF CLAIMS 

The application was filed on January 2, 2002 with twenty-five (25) claims of which three 
(3) claims were independent claims (Claims 1, 13, and 18). The examiner issued a restriction 
requirement on August 8, 2002 for the following groups: Group I: Claims 18-25; Group II: 
Claims 1 - 17. In Applicants' response dated September 10, 2002, Applicant elected Group II: 
Claims 1-17 without traverse. In response to an October 23, 2002 Office Action, Applicants 
cancelled claims 3, 18 - 25, and added new claims 26 - 27. 

Accordingly, the status of the claims in the application is as follows: 

A. Total claims in original application: Claims 1 - 25. 

B. Current status of all the Claims: 

1 . Claims cancelled: 3, 18 - 25 

2. Claims withdrawn from consideration but not cancelled: none 

3. Claims added: 26, 27 

3. Claims pending: 1, 2, 4 - 17, 26, 27 

4. Claims allowed: none 

5. Claims rejected: 1, 2, 4 - 17, 26, 27 

C. Claims on appeal are: 1, 2, 4 - 17, 26, 27 



IV. STATUS OF AMENDMENTS 

No claim amendments were filed in response to the final Office Action. The claims are 
set out in the Appendix. 
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V. SUMMARY OF THE INVENTION 

The Applicant's invention is directed to a method and structure for isolating low-k 
dielectric layers from nitrogen base layers that include N-H base groups which are capable of 
diffusing from the nitrogen base layer and becoming nested in the low-k dielectric layer. The 
present invention provides an oxygen-containing layer disposed directly between the low-k 
dielectric layer and the nitrogen base layer. The present invention also provides a process for 
forming a semiconductor product which includes forming at least one low-k dielectric film over 
a substrate, forming at least one N-H base film over the substrate, and forming a TEOS 
(tetraethyl orthosilicate) oxide film between at least one adjacent set of a low-k dielectric film 
and an N-H base film. [SPEC. p. 2, lines 1 1 - 20]. The nitrogen base layers may be nitrogen- 
containing films such as silicon nitride (SiN) or nitrogen-doped silicon carbide (SiC-N) [SPEC, 
p. 3, lines 15 - 17]. A fundamental concept of the present invention is that each adjacent film set 
of a low-k dielectric film and a nitrogen base layer is separated by a TEOS or other oxygen- 
containing film, which suppresses diffusion of base species from the base-containing course film 
to the low-k dielectric material. [SPEC. p. 7, lines 22 - 25]. Due to the oxygen-containing films 
12, 24, 36 and 48 of the present invention, low-k dielectric films 18 and 42 do not include N-H 
base groups or other nitrogen-containing base groups such as amines or amino-silicates. [SPEC, 
p. 9, lines 9 -12]. 

VI. ISSUES 

A. Whether Claims 1, 4, 6, 11, 26, and 27 are unpatentable (35 U.S.C. 103) over 
Kudo (U.S. Patent No. 6,420,261). The Kudo reference is relied on by the Examiner to show that 
by substituting a combination of SiC and Si oxide for the Si oxide as the oxygen-containing layer 
55 between the low-k dielectric layer 54 and a nitrogen base layer (silicon nitride) 61, the 
interface between layers 61 and 55 will contain nitrogen-doped silicon carbide. 

B. Whether Claims 2, 7, 9, 13, and 14 are unpatentable (35 U.S.C. 103) over Kudo 
(U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028). The Kudo reference 
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is relied on by the Examiner as described above with respect to Issue A. The Huang reference is 
relied on by the Examiner to show that the limitation of TEOS is obvious. 

C. Whether Claims 5, 8, 10, 12, and 15 - 17 are unpatentable (35 U.S.C. 103) over 
Kudo (U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028) further in view 
of Liu (U.S. Patent No. 6,323,121). The Kudo and Huang references are relied on by the 
Examiner as described above with respect to Issues A and B. The Liu reference is relied on by 
the Examiner to show the opening extending through the etch stop layer and the lower dielectric 
layer and the use of organo-silicate glass as low-k dielectric material. 

V. GROUPING OF CLAIMS 

As to the rejections applied against Claims 1, 4, 6, 11, 26, and 27 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims do not stand or fall together. Claims 1, 4, 6, 11 
should be grouped together while Claims 26 and 27 should be grouped separately from Claims 1, 
4, 6, 11 for purposes of consideration in this appeal since Claims 26 - 27 include an oxygen- 
doped silicon carbide layer while Claims 1, 4, 6, 11 include a nitrogen-doped silicon carbide 
layer. 

As to the rejections applied against Claims 2, 7, 9, 13, and 14 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims stand or fall together. 

As to the rejections applied against Claims 5, 8, 10, 12, and 15 - 17 (35 U.S.C. 103), it is 
Applicants' intention that the rejected claims stand or fall together. 
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VL ARGUMENT 

A. The rejection of Claims 1, 4, 6, 11, 26, and 27 as unpatentable (35 U.S.C. 103) over Kudo 
(U.S. Patent No. 6,420,261). 

With respect to Claims 1, 4, 6, 11, Independent Claim 1 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N). Claims 4, 6, and 1 1 depend therefrom. 

Kudo, U.S. Patent No. 6,420,261, is directed to a semiconductor device manufacturing 
method. Kudo discloses a first organic insulating film 54 of low dielectric constant (i.e., Layer 
1). Kudo discloses a second silicon oxide (Si0 2 ) film 55 (i.e., Layer 2) and a silicon nitride 
(Si 3 N 4 ) film 61 (i.e., Layer 3). With respect to claims 1, 4, 6, and 11, Kudo fails to teach the 
specific claim limitation of "a nitrogen base layer formed of nitrogen-doped silicon carbide (SiC- 
N)". In rejecting claims 1, 4, 6, 1 1, the examiner has substituted a combination of SiC and SiO? 
for the SiO? disclosed in Kudo (relying on the disclosure that an SiC film may be employed in 
place o/Si0 2 film). The examiner then contends that the interface between film 55 (Layer 2) and 
film 61 (Layer 3) will contain nitrogen-doped silicon carbide (SiC-N). 

Applicant submits, however, Kudo lacks any suggestion that it should be modified in the 
manner set forth by the examiner. While it is true that Kudo teaches the substitution of an SiC 
film for an Si0 2 film [Kudo, Col. 9, lines 30-31, "In this case, the silicon containing insulating 
film such as an Si 3 N 4 film, an SiON film, an SiC film, etc. may be employed in place of the 
above Si0 2 films."], it does not teach or suggest the substitution of a combination of SiC and 
SiO? for the SiO? film nor does it teach the addition of SiC to the Si0 2 film. Instead of using the 
explicit teachings of Kudo and replacing Si0 2 with SiC, the examiner incorrectly modified Kudo 
by adding SiC to the Si0 2 film. Had the examiner employed the actual teachings of Kudo, he 
would have either substituted the SiC film for the Si0 2 film resulting in a semiconductor product 
lacking an oxygen-containing layer required by the claims, or he would have kept the Si0 2 
resulting is a product lacking nitrogen-doped silicon carbide. 

As such, the examiner has misapplied the reference and has made an unsuggested 
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modification. Accordingly, with respect to claims 1, 4, 6, and 11, Applicant submits that the 
invention, as claimed, is patentable over Kudo and that the rejection should be withdrawn. 

With respect to Claims 26 - 27, Independent Claim 26 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen-doped 
silicon carbide layer, and (Layer 3) a nitrogen base layer. Claim 27 depends therefrom. With 
respect to claims 26 and 27, Kudo fails to teach or suggest the specific claim limitation of "an 
oxygen-doped silicon carbide layer." Kudo describes a first organic insulating film 54 of low 
dielectric constant (i.e., Layer 1). Kudo discloses a second silicon oxide (Si0 2 ) film 55 (i.e., 
Layer 2) and a silicon nitride (Si 3 N 4 ) film 61 (i.e., Layer 3). While it is true that Kudo teaches the 
substitution of an SiC film for an Si0 2 film [Col. 9, lines 30-31], such a substitution would not 
meet the specific limitations of the claims. Specifically, following the teachings of Kudo, the 
resulting embodiment would not contain an oxygen-doped silicon carbide layer as required by 
the claims. As such, the examiner has misapplied the reference and has made an unsuggested 
modification. Accordingly, with respect to claims 26 and 27, Applicant submits that the 
invention, as claimed, is patentable over Kudo and that the rejection should be withdrawn. 

B. The rejection of Claims 2, 7, 9, 13, and 14 as unpatentable (35 U.S.C. 103) over Kudo (U.S. 
Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028). 

With respect to claims 2, 7, 9, 13, and 14, in addition to the above-noted arguments with 
respect to claim 1, Kudo, the primary reference, teaches nothing about using an oxygen- 
containing layer comprised of TEOS. Huang describes an insulation-masking layer formed by 
CVD using TEOS. Apparently, the examiner has again substituted a combination of SiC and 
SiO? for the SiO z . Had the examiner employed the actual teachings of Kudo, he would have 
substituted the SiC film for the Si0 2 film resulting in a semiconductor product lacking an 
oxygen-containing layer required by the claims. The product would then, necessarily, lack an 
oxygen-containing layer comprised of TEOS, even if combined with Huang. 

The Examiner has attempted to combine Kudo with Huang in rejecting Claims 2, 7, 9, 13, 
and 14. However, the examiner has misapplied the Kudo reference and has made an 
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unsuggested modification. Accordingly, Applicant submits that the invention, as claimed, is 
patentable over Kudo in view of Huang and that the rejection should be withdrawn. It is 
Applicant's position that the combination does not teach the Applicant's basic inventive concept 
of a semiconductor product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) 
an oxygen containing layer (e.g., Si02>, and (Layer 3) a nitrogen base layer formed of nitrogen- 
doped silicon carbide (SiC-N), and that the addition of Huang to show an oxygen-containing 
layer comprised of TEOS contributes no further to the question of the patentability of the claims 
in as much as following the teachings of Kudo would result in a lack of an oxygen-containing 
layer altogether. 

As such, it is submitted that neither of these references, alone or in combination, 
describes or suggests the Applicant's invention as claimed. Accordingly, with respect to claims 
2, 7, 9, 13, and 14, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and that the rejection should be withdrawn. 

G The rejection of Claims 5, 8, 10, 12, and 15 - 17 as unpatentable (35 U.S.C. 103) over Kudo 
(U.S. Patent No. 6,420,261) in view of Huang (U.S. Patent No. 6,191,028) further in view of Liu 
(U.S. Patent No. 6,323,121). 

With respect to dependent claims 5, 8, 10, and 12, each of said claims depends on Claim 
1. As set forth with respect to Issue A, Independent Claim 1 is directed to a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si02), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N). As such, the arguments with respect to the patentability of Claim 1 
apply equally to claims 5, 8, 10, and 12. 

With respect to claims 15-17, each of said claims depends on Claim 13, which includes 
a layer of nitrogen-doped silicon carbide (as in Claim 1). As such, the arguments with respect to 
the patentability of Claim 1 apply equally to claims 15-17. 

In addition to the above-noted arguments with respect to claim 1, Kudo, the primary 
reference, teaches nothing about using an oxygen-containing layer comprised of oxygen-doped 
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silicon carbide (Claim 5) nor using an oxygen-containing layer comprised of TEOS (Claim 8, 
and 15 - 17). Huang describes an insulation-masking layer formed by CVD using TEOS. Liu 
describes a wafer substructure 10, insulative layer 12, silicon nitride layer 16, low-k dielectric 
layer 1 8, silicon nitride layer 20, second low-k dielectric layer 22, silicon oxynitride layer 24. 

As set forth above with respect to Issues A and B, had the examiner employed the actual 
teachings of Kudo, he would have substituted the SiC film for the Si0 2 film resulting in a 
semiconductor product lacking an oxygen-containing layer required by the claims. The product 
would then, necessarily, lack an oxygen-containing layer comprised of oxygen-doped silicon 
carbide or TEOS, even if combined with Huang and/or Liu. 

Accordingly, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and Liu and that the rejection should be withdrawn. It is Applicant's position that 
the combination does not teach the Applicant's basic inventive concept of a semiconductor 
product comprising three layers: (Layer 1) a low-k dielectric layer, (Layer 2) an oxygen 
containing layer (e.g., Si0 2 ), and (Layer 3) a nitrogen base layer formed of nitrogen-doped 
silicon carbide (SiC-N), and that the addition of Huang to show an oxygen-containing layer 
comprised of TEOS contributes no further to the question of the patentability of the claims in as 
much as the proper combination would result in a lack of an oxygen-containing layer altogether. 

As such, it is submitted that none of these references, alone or in combination, describes 
or suggests the Applicant's invention as claimed. Accordingly, with respect to claims 5, 8, 10, 
12, and 15 - 17, Applicant submits that the invention, as claimed, is patentable over Kudo in 
view of Huang and/or Liu, and that the rejection should be withdrawn. 
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In view of the foregoing, Applicant urges that the Board overrule the outstanding 
rejections, and that this application be passed to issuance. 



spectfuljy submitted, 




James H. Beusse 
Reg. No. 27,1 15 

Beusse Brownlee Bowdoin & Wolter, P.A. 
390 N- Orange Ave, Suite 2500 
Orlando, FL 32801 
(407) 926-7701 
fax: (407) 926-7720 



Attachment: Appendix 
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APPENDIX (37 C.F.R. 1.192(cV7» 
Claims on Appeal: 

1 . A semiconductor product comprising: 
a low-k dielectric layer; 

a nitrogen base layer formed of nitrogen-doped silicon carbide and including N-H base 
groups capable of diffusing therefrom; and 

an oxygen-containing layer interposed directly between said low-k dielectric layer and 
said nitrogen base layer. 

2. The semiconductor product as in claim 1, wherein said oxygen-containing layer 
comprises a TEOS (tetraethyl orthosilicate) oxide film 

4. The semiconductor product as in claim 1, wherein said nitrogen base layer comprises one 
of a barrier layer film, an etch-stop layer, and a hardmask film. 

5. The semiconductor product as in claim 1, wherein said oxygen-containing layer 
comprises oxygen-doped silicon carbide. 

6. The semiconductor product as in claim 1, wherein said nitrogen base layer comprises a 
surface of a further film. 

7. The semiconductor product as in claim 1 , in which said semiconductor product includes: 
a lower low-k dielectric layer disposed over a barrier layer; 

an etch-stop layer disposed over said lower low-k dielectric layer; 

an upper low-k dielectric layer disposed over said etch-stop layer; 

a hardmask layer disposed over said upper low-k dielectric layer; 

said nitrogen base layer comprising one of said barrier layer and said etch-stop layer; and 

said oxygen-containing layer comprising a TEOS oxide layer interposed between said 
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nitrogen base layer and one of said lower low-k dielectric layer and said upper low-k dielectric 
layer. 

8. The semiconductor product as in claim 7, further comprising each of said barrier layer, 
said etch-stop layer and said hardmask layer being a nitrogen base layer, and a TEOS oxide layer 
interposed between each said nitrogen base layer and each said adjacent low-k dielectric layer. 

9. The semiconductor product as in claim 7, wherein said barrier layer comprises one of 
said nitrogen base layer formed of nitrogen-doped silicon carbide, and silicon nitride; and said 
etch-stop layer comprises the other of said nitrogen base layer formed of nitrogen-doped silicon 
carbide, and silicon nitride. 

10. The semiconductor product as in claim 1, wherein said N-H base groups comprise one of 
amines and amino-silicates. 

11. The semiconductor product as in claim 1, wherein said low-k dielectric layer includes a 
dielectric constant less than 3.5. 

12. The semiconductor product as in claim 1, wherein said low-k dielectric layer comprises 
one of an organo-silicate-glass and SiOC-H. 

13. A semiconductor product comprising: 
a barrier layer formed over a substrate; 

a lower low-k dielectric layer formed over said barrier layer; 
an etch-stop layer formed over said lower low-k dielectric layer; 
an upper low-k dielectric layer formed over said etch-stop layer; 
a hardmask layer disposed over said upper low-k dielectric layer; and 
a TEOS (tetraethyl orthosilicate) oxide film interposed at least one of between said lower 
low-k dielectric layer and said barrier layer, between said lower low-k dielectric layer and said 
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etch-stop layer, between said etch-stop layer and said upper low-k dielectric layer, and between 
said upper low-k dielectric layer and said hardmask, 

at least one of said barrier layer and said etch-stop layer formed of nitrogen-doped silicon 

carbide. 

14. The semiconductor product as in claim 13, wherein each of said barrier layer and said 
etch-stop layer include N-H base groups therein. 

15. The semiconductor product as in claim 13, in which a two-tiered opening is formed to 
extend through said hardmask layer, said upper low-k dielectric layer, said etch-stop layer, said 
lower low-k dielectric layer, and said barrier layer. 

16. The semiconductor product as in claim 15, further comprising a conductive material 
filling said two-tiered opening, said conductive material serving as an interconnect medium. 

17. The semiconductor product as in claim 13, in which an opening is formed to extend 
through said hardmask layer, said upper low-k dielectric layer, said etch-stop layer and said 
lower low-k dielectric layer, and further comprising a DUV photoresist formed within said 
opening. 

26. A semiconductor product comprising: 
a low-k dielectric layer; 

a nitrogen base layer including N-H base groups capable of diffusing therefrom; and 
an oxygen-doped silicon carbide layer interposed directly between said low-k dielectric 
layer and said nitrogen base layer. 

27. The semiconductor product as in claim 26, wherein said nitrogen base layer is formed of 
nitrogen-doped silicon carbide. 



